composites having the structure of Ni/ ZnO/PrCoOxide/Au were fabricated by the sputtering technique and their electrical properties were exa mined. It was found that a multilayered composite is an excellent low voltage varistor (a=30, breakdown voltage=6.5V).
Introduction
Recently Jf=J0exp(qV/nkT) (1) where Jf is the forward current density, q is the elec tronic charge, V is the applied voltage, n is the diode factor, k is the Boltzmann's constant, T is the temper ature, and J0=A*T2exp(-qƒÓb/kT) (2) (3) where x is the width of the depletion region and Nd (x) is the donor density at the edge of the depletion region.7) The Eq. (3) shows that, if the Nd is non uniform, the plot of C-2 against V is not linear but its slope at any particular bias voltage is inversely proportional to the Nd at the edge of the depletion region. Equation (3) If the donor distribution is expressed in the form Nd(x)=a1x2 where a1 is a constant, the electric field V(x) in the depletion region is given by Poisson's equation: (6) By solving Eq. (6), it becomes C-4=a2(Vd-V) (7) where a2 is a constant and Vd is the diffusion voltage. Figure 6 shows a plot of C-4 against V, where a linear relation was observed. From an intercept Vd on the horizontal axis in the figure, we obtained the flat-band barrier height of 0.78eV by using Eq. (7). This agrees with the value obtained from the V-I measurement.
On the basis of Figs. 4, 5 and 6, it can be regarded that the junction of ZnO/PrCoOxide is a Schottky junction with a non-uniform concentration of donors.
ZnO is an N-type defect semiconductor in which devi ations from stoichiometry are electrically active. The excess Zn, acting as donors, can be ascribed to Zn interstitials. In case of ZnO/PrCoOxide junctions, the decrease of the Nd in ZnO is caused by the decrease of the excess Zn. The decrease of the ex cess Zn is due to the transport of oxygen from the surface (interface) to the interior of ZnO films. It seems that oxygen in PrCoOxide films is diffused into ZnO films. The diffusion is estimated to be 100 nm or less.
3.3 Comparison of ZnO/PrCoOxide multi layered composites, ceramic varistors and Zener diodes Table 1 shows a comparison of the basic varistor characteristics of ZnO/PrCoOxide multilayered com posites, low voltage ceramic varistors and Zener di odes. Note that the electrodes of ceramic varistors are larger than those of the other devices. In order to permit comparison between same-size devices, addi tional columns are included which show calculated data for multilayered composites and Zener diodes based on a 7mm2 electrode area. This data shows that the multilayered composite exhibits lower vans ton voltage and higher peak current than the ceramic varistor having the same-size device. This is presum ably because one barrier is homogeneously formed in the ZnO/PrCoOxide multilayered composite. When the ZnO multilayered composite is compared with the Zener diode, the latter shows higher peak cur rent. This is not surprising because Zener diodes are made from Si single crystals and barriers formed at junctions in those crystals are known to be perfect.
Conclusions
In the present study, we fabricated composites 
